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(71) We, E. R. Squibb & Sons Inc a 
Corporation organized under the laws of the 
State of Delaware, United States of America,, 
of 909 Third Avenue, New York, New York 
10022, United States of America, do here^ 
declare the invention, for ndiich we pray that 
a patent may be granted to us, and tiie method 
by which it is to be performed to be particu- 
larly, described in and by the following state- 
ment: — 

This invention relates to novel hexamethyl- 
enebis(alkyldimethylammonium)bromides and 
Aeir use as foliage fungicides and aquatic 
herbicides. 

The compounds of this mvention may be 
prepared by the reaction of bis - 1,6 - (N- 
dimcdiylamino)hexane with the appropriate 
alky! bromine in a solution in a suitable sol- 
vent^ such as acetone. The reaction takes place 
at elevated temperatures over a period of 6 to 
10 hours. 

Rq)resentative of the alkyl bromides which 
may be employed in die preparation of the 
compounds of this mvention are: n-octyl bro- 
mide, n-nonyl bromide, n-decyl brtmiide, »- 
undecyl bromide, and 7i-dodecyl bromide. 

The compounds of this invention are use- 
ful as foliage fungicides, being active against 
scdi common fungi as MomUma fructicola and 
Altemaria solanL For such use they would 
nolmally be applied at a rate of from 1 to 50 
pounds of the active mgredient per acre, al- 
though higher rates of application are within 
contemplation. Actual dosage to be employed 
depends on the particular active ingredient, 
components of the formulation, method of 
application, type and severity of the fungus in- 
festation, duration of treatment, climatic con- 
ditions, and the like. 

The compounds of this invention find fur- 
ther utility as aquatic herbicides. To control 
aquatic weeds, the compounds of this inven- 
tion are applied to the water in which the 
w«is are growing, in concentrations of from 
^ tnilUon, preferably from 

0.001 to 2 parts per million of water. 

[Pnce 2Sp] 



Included among the aquatic plant pests 
which are conveniently controlled in accord- 
ance with tiiis invention are : submerged plants 
^ch as bladderwort (Utriadaria sp,), bushy 
pondweed (Najas sp.), coontail {CeratopkyTlum 
sp,), dodea, fanwort {Cabomha sp.), pond- 
weeds (Potamogenton sp.), water milfoil 
{Mynophyllum sp.\ waterweed (Anacharis 
Elodea sp,\ water star grass (Heteranthera spX 
and wild celery (Vallisneria sp,), floating weeds 
such as duckweed (Lemna), floating fern 
(peratopteris sp.\ waterfem (Sdvima spX 
water hyacinth {Eichhomia sp,)y water lettuce 
(Ptsda sp.) and water meal {Wolffia), rooted 
plants with floating leaves such as water lilies 
{Nuphar sp., Nymphaea sp.) and lotus (Nel- 
umbo sp.), emersed plants such as aUigator- 
weed {ALtemanthera), arrowhead (Sagitiaria\ 
buDrush (Scirpus sp.), cattails (Typha sp.i 
hzardtail (Saururus), rush (ftmcus sp.), parrot- 
tother (MyriopkyUum), water pennywort 
{Hydrocotyle sp.), pickerelweed (Pontederia), 
sawgrass (Cladium), smartweed (Polygonium 
sp.), spikerush (JSleochmis sp.), water leaf 
(Hydrolea sp.), water primrose (jussiaea sp.)y 
cut-grass (Zizardopsis), black willow (Sdix 
sp.), buttonbu^ (Cephdanthus sp.) and ditch- 
bank grasses such as southern cutgrass {Leer- 
^), floating-grass (JPaspdton), jaiagua 
[Hyparrhenia), knotgrass (Paspdum), maiden- 
CTie {Panicttm\ common reeds and watergrass 
(HydrocMoa). The forcing list is by way of 
example only is is not intended to limit the 
scope of the invention. 

An important advantage to the use of the 
.compounds of this invention is selectivity. Al- 
^ligh these compounds exhibit very good 
herbiddal effect upon aquatic weeds, they 
have little or no effect upon the usual broad- 
leaf varieties of weeds found on land and, in 
addition, may be employed at hi^ rates of 
application for the control of disease in farm 
crops without fear of injury to the seeded crop 
itself. ^ 

In use these compounds are applied m any of 
a variety of formulations. Preferabfy the com- 
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pounds are extended with carriers or condi- 
tioning agents of the kind used and conunonly 
ref errei to in the art as adjuvants or modi- 
fiers. Such adjuvants may be inert solids^ sur- 
5 faces^active agents and/or oiganic liquids. 

The compounds of diis invention are incor- 
porated in such compositions in sufficient 
■ amount to' exert a herbicidal effect Usually 
fcom 1 to 95 percent by weight of the com- 
10 pounds are included in such formulation. ^ 
Solid formulations - may be prepared widi 
inert pow^. The foimula<dons.ilKus prqmed 
are used as suchj diluted further with inert 
solids to form dusts, or suspended in a suitable 
15 liquid medium for^spray appUcs^csL 

The powders usually comprise tiie active 
ingredient admixed with minor amounts of 
conditioning agents. Neutral days^ for ex- 
ample, the absorptive attapulgite or the lela- 
20 tivdy non-absorptive china day5> diaio- 
maceous earth> walnut shell flour^ redwood 
flour, synthetic fine silica, caldum silicate and 
other inert solid carriers of the kind con- 
ventionally enqiloyed in powder fonnulations 
25 are used. 

The active ingredient is suitably from 1 to 
95 percent by wdght of the compositions. The 
solids preferably are finefy divided and have a 
paiiide size bdow 50 microns or, better, 
30 below 20 microns. Dust formulations are pre- 
pared using talc, pyrophyllit^ tobacco d«st> 
volcanic ash or other dense^ inert solids as 
diluents. 

Liquid compositions are prepared by mixing 

35 the active compound witli suitable liquid 
dihient media. ITie active compound is dther 
in solution or in suspoision in tiie liquid 
medium. Suitable liquid media iadude kero- 
sene,. Stoddard solvent,, xylene^ alcohols, alkyl- 

40 ated naphthalenes, di^d oil, glycols, and ke- 
tones, for example diisobutyl ketone and 
cydohexanone. The active ingredient is xire- 
ferably^ from 0.5 to 50 percent by wdgjit of 
these liquid compositions. Tliese compositions 

45 are used as such or extended by emulsification 
with water. 

The wettable powders or liquids of this 
mventiptt smtably indude one or more suif ace- 
active agents for cxan^e, wetting, dispers- 

50 ing, or.emuisiiyii^ agents. Compositions con- 
taining these surface-active agents - disperse 
or emulsify easily in water to form aqueous 
sprays. The compositions suitably contain up 
to 10 percent .by wd^t of the surface-active 

55 agents, but some surface-active agents are 
^fective at less than 1 percent. 

Surface-active agents are suitably of the 
anionic, cationic, or nonionic type, feemplary 
of such agents are sodium oleate, sulfonated 

60 petroleum oils, alkyl aiyl sulfonates, sodium 
lanryl sidfate, polyethylene oxides, lignin sul- 



fonates, and the like. Additional suitable agents 
are described by McCutcheon in " Soap and 
Chemical Spedalties," Volume 31, Nos. 
7—10 (1955). . , 65 

Li the case of aquatic weeds, periodic treat- 
ments may be required for effective control 
in flowing water. In the case of rooted aquatic 
plants, it is often desirable to employ the 
active ingredients* in a heavy vehicle such as a 70 
granule (e.g., attapulgite day grannies]) which 
will cany it to the stream bed, and wmch will 
resist movement by the currents, tims increas- 
ing the lengtb of time that the herbidde re- 
mains in the vicinity of the weed roots. 75 

On the other han<4 to control plants charac- 
terized by substantial foliage floating on top 
of the water (eg., duckweed, floating fern, 
water byacintb, water letmce, and so forth), 
this active ingredient is more advantag0ous]y 80 
applied with a carrier lighter tban water, sudi 
as wood shaving^, ground com cobs or organic 
emulsions, particularly inverse emulsions. This 
results in the herbicide being entrapped in the 
foliage as it floats downstream and thus pro- 85 
vides convenieoc exposure of the foliage to a 
high concentration of the herbidde. 

The following examples are r^esentative of 
the invention, althou^ not necessarily limit-, 
ing its scope. AH temperatures are in d^rees 90 
C^trigrade imless stated otherwise. 

Example 1 
•Hexamediyl^ebis - (n - decyl - dionediyl- 
ammDniimi)dibromide 

Twenty g. bis - 1,6 - (N - dime^lamino)- 95 
hexane, 52 g. n-deqrl bromide^ and 200 mL 
acetone are mixed in a pressure bottle and 
allowed to stand in a water bath at 45** far 
dg^t hours. A white crystalline material pre- 
dpitates. It is filtered off and reciystallized 100 
from 100 ml. dried and distilled isopropanol 
and 200 ml. anhydrous ether to give 48 g. 
(68 percent yiel^ of product^ m.p. 217— 
2180. 

Example 2 105 
Hexamethsdendns - (n - dodecyldimcriiyl- 
ammonrnmi dibromide 

17:5 g. Bis - 1,6 - (N - dimethylaipmo)hes- 
ane and 50 g. lauxyl bromide are mixed wiiJi 
400 mL acetone in a pressure botde and 110 
heated at 45° for dght hours. The product 
is filtered and recrystalHzed twice from iso- 
propanol and edier to give 39 g. (58 percent 
yidd) of product, nLp. 225 — ^S6°. 

In a like manner, substituting die appro- 115 
priate aOe^l bromide for ilie n-decyl bromide 
of Example 1, there are obtained the follow- 
ing products: 
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Reactant 
«-octyl bromide 

n-nonyl bromide 

nrundecyl bromide 



Product 



hezamethyleaebis- 

(jfroclyldiinethyl- 

ammoTiiiTm)dibromidc 



(n-nonyUlmethyl- 
aimnQmum)dibromide 

hexamethylenebiS" 

(n-undecyldimediyl- 

ammoiiium)dibroiiude 



Example 6 
As a foKage fongidde, compounds of this 
mvention were tested by the standard slide 
gennination procedure of the Phytopatiio- 
logical Society (PHYTOPATHOLOGY. 
33:627—632, 1943). The products of Ex- 
amples 1 and 2, tested by this procedure at a 
concentration of 25 parts per million, each pro- 
duced 100 percent inhibition of spore gpr- 
nunation of MomUrda frucHcoIa, 

Example 7 
Fmlher evaluation for the control of foliage 
dis^ was conducted by the mediod of 
McCallan a/. ("A Greaihouse Method of 
Evaluating Fungicides by Means of Tomato 
FoHage Diseases," contrib. Boyce Thompson 
LisL 13; 93—134, 1943). Tomato plants were 
sprayed with, a series of concentrations of the 
chemical in distilled water. After the spray 
dried, die plants were inoculated with spores 
of Altemana solam and held at conditions 
favorable for disease to develop. The number 
of disease lesions on the leaves was counted 
fflod compared with the number developmg on 
the untreated control plants. The ratio of these 
two numbers , is expressed as percent disease 
reduction. The products of Examples 1 and 2, 
tested by the procedure at a concentration of 25 
parts per million, each produced 100 percent 
disease reduction. 



Example 8 
Aquatic herbicidal activity was determined 
in the followmg manner. Both duckweed and 
35 an algae mixture were grown in Hilhnan's 
mennim which contains: 



KNO3 

Ca(NO^),.4H20 
KH2PO4 
40 MgSO^ . THaO 
HsBOa 

^SO* . 7H->0 
NasMoO^ . 2H2O 
CUSO4 . 5H2O 
45 Mna2.4H20 
FeOs . 6H2O 
Tartaric add 



mg./l 
1515 
1180 
680 
492 
2.86 
0.22 
0.12 
0.08 
3.62 
5.40 
3.0 



The test compoimds were then added to 
half of the tubes. Fronds of dudcweed weie 
added to several tubes and mixed algae were 50 
added to several others, half attaining the 
test compounds and half not. The inoculated 
tubes were placed on slanting boards in a 
750 F. constant temperature room which was 
illuminated fourteen hours per day. After ten 55 
da^ incubation, the treated and control tubes 
were con:Q)ared. In tiie control tubes a ten- 
fold mcrease in feond numbers of duckweed 
was observed. A corresponding increase in the 
growth of mixed algae was also noted. In this 60 
test at a concentration of ten parts per mil- 
hon, both hexamethylenebis(n - decyldimethyl- 
ammomum)dibromide and hexamethylenebis- 
(n - dodecyldimetiiylammonium)dibromide 
gave 100 percent contcol erf mixed algae and 65 
85 percent control of the duckweed. 

EXAMPLB 9 

The compounds of Examples 1 and 2 were 
applied to five aquatic plants (Pithophora, 
Naj^y Potamogeton, Water Star-Giass and 70 
Eloded) as a dilute aqueous solution m a con- 
«sntration of 10 parts per million by weight. 
Four-^o six-inch cuttings of each aquatic plant 
were placed in a one-gaUon gjass jar with 
decblormated t^ water. The jars were tiditly 75 
covered to prevent ev^)Qration and contamma- 
tion of the water. The planted jars were iUu- 
mmated by cool, white, thin-line fluorescent 
lamps. The intensity of the ilhmunation of the 
water surface was from 60- to 100-foot candles. 80 
The plants were ilhmunated far 10 hours each 
day from 8 a.m. to 6 p jn. Th^ were allowed 
to remam in the jars for a condiitoning period 
of tiut^ weeks, during which time fertilizer was 
periodically added to the jars. At the end of 35 
tos tune the jars were checked to be sure that 
the plants were vigorously growmg. Any jars 
with discolored or dead plants was discarded 
froni further use. An aqueous solution contain- 
mg 10 parte per miffion of the test compound on 
was dien added to die jars and die jars imned- 
lately tij^y sealed. The jars were dien main- 
tained under the same cxmditions for an 
additional three weeks as during the three- 
week conditiomng period. At die end of the 95 
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test period, tiie effects of the test compoimds 
were evaluated. Evaluation of heibiddal 
^ects for each chemical on each species of 
plant was by visual observation, with injury 
to the plant rated on a scale of 1 (no visible 
injury) to 10 (a dead plant). Ratings from 1 
to 3 indicate no, or very slight, herbiddal 
activity, from 4 to 6 indicate moderate herbi- 
ddal activity, and from 7 to 9 indicate de- 
finite to severe herbiddal activity. Independent 
ratings were made on each spedes of plant. 
Iliese ratings were then averaged for each of 
three replications and diese results again 
averaged to determine an overall average 
effect expressed as percait herbiddal effective- 
ness. In this test both hexamediylenebis- 
(n - decyldimethylammonium)broniide and 
hexameth]^enebis - (n - dodecyldimethylam- 
monium)bromide exhibited an average overall 
effectiveness of over 90 percent. In no case 
did any rating fall bdow 7. 

WHAT WE CLAIM IS:— 

1. A con^>otmd having the fotmula 
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C»5 CH3 



[-CH3 



4+ 



2 Br' 



wherein R is an alkyl radical containing from 
8 to 12 carbon atoms, 

2. A compound as daimed in daim 1 
wherein R is »-ociyl, n-nonyl, »-decyl, n- 
imdec^I or n-dodec^. 



3. A compound as claimed in daim 1 30 
wherein R is n-decyL 

4. A compound as claimed m dami l 
\dierein R is »-dodecyl. 

5. A compound as claimed in daim 1 sub- 
stantially as herein described. 

6. A medKKl of controlling fungi whidi 
CQnq>rises contacting such fimgi with a fungi- 
ddal amount of a compound as daimed in any 
of the preceding daims. 

7. A method as daimed in daim 6 where- 
in R is «-decyl or «-dodeqrL 

8. A mediod of controlling aquatic weeds 
which comprises contacting such weeds ^^^^^ 
herbiddal amount of a compound as damicd 
in any of daims 1 to 5. o 

9. A m^od as claimed in daim 8 where- 
in R is n-decyl or »-dodecyL 

10. A method of controlling fungi as 
daimed in daim 6 and substantial^ as hctem 
described. . ^ 

11 A method of controlhng aquanc weeds 
as daimed in daim 8 and substantially as 
herein described. 

12. Foliage whidi has been treated for conr 
trolling the growth of fungi thereon by a 
method as claimed in any of daims 6, 7 and 
10. 

Agents for t he App licants 
STANLEY POPPLEWELL, FRANCIS 
& ROSS 
Chartered Patent Agents 

Cursitor House;> 
9—11 Cursitor Street, 
London, E.C4. 
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